At the face of emergence of multiple antibiotic resistant strains, herbal antimicrobials are looked as the future drugs for therapeutics, and also as food preservative. This study was undertaken to understand the antimicrobial activity of some selected herbal preparations on bacteria of food origin. In the study 464 (254 from foods of vegetable origin, 134 from foods of animal origin, 14 from food handlers, 62 reference) strains belonging to more than 104 species of 33 genera of Gram negative (194) bacteria (GNB) and Gram positive (270) bacteria (GPB) were tested for their sensitivity to methanolic extract of Eupatorium odoratum (EOME), methanolic extract of Ageratum conyzoides (ACME), methanolic extract of Zanthoxylum rhetsa seed coat (ZRME), lemon grass (Cymbopogon citratus) oil (LGO), sandalwood (Santalum album) oil (SWO), patchouli (Pogostemon cablin) oil (PO) and agarwood (Aquilaria crassna) oil (AO) through disc diffusion method. Besides, minimum inhibitory concentration (MIC) of different herbal preparations was determined for test strains using agar-well dilution method. Sandalwood oil inhibited maximum number of strains (50.5%) followed by LGO (45.9%), EOME (43.8%), ACME (40.4%), PO (38%), ZEME (19.6%) and AO (17.5%). Enterobacteriaceae strains in general showed more resistance to herbal antimicrobials than strains of any other family. The MIC for different herbal preparations varied for different strains from 1 µg mL -1 to > 16.384 mg mL -1 . The study indicated that herbal antimicrobials being edible and acceptable since ages can be an option for use in foods to control spoilage and choice may depend on type of microbe causing the problem in the specific food unit.
: Sensitivity of bacterial strains to different herbal antimicrobials tested using disc (containing 1 mg of active ingredient/ disc) diffusion assay on Mueller Hinton agar (MHA) for non-fastidious bacteria, MHA with lysed sheep blood (5%) for fastidious bacteria (Bordetella, Brucella, Campylobacter, Listeria, Pasteurella, Streptococcus). antimicrobial potential testing of the herbal preparations was not only restricted to reference bacterial strains but strains isolated from food handlers and foods of animal and vegetable origin were tested.
Genus of the bacteria tested (Numbers)
SpeciesE7300/1) 3 0 0 0 0 0 NT 0 Escherichia (25) E. blattae (fish 3) 3 NT NT 2 NT 0 NT NT E. coli (Axone 8, milk 9, ref 5, E382, E382/1, YP1, YP2, Eca) 22 1 0 5 0 1 0 0 Hafnia (2) H. alvei (Axone1, milk 1) 2 1 0 0 1 0 0 Klebsiella (15) K. oxytoca (fish 1) 1 NT NT 1 NT 0 NT NT K. pneumoniae (Axone 8, fish 1, milk 4, muffen 1) 14 0 2 4 1 2 1 1 Lactobacillus (1) L. acidophilus (Axone 1) 1 NT NT 1 1 1 1 NT Leminorella (1) L. ghrimontii (fish 1) 1 NT NT 0 0 0 NT NT Listeria (1) L. monocytogenes (ref 1, MTCC839) 1 0 1 1 1 0 NT 1 Micrococcus (2) M. agilis (Axone 2) 2 2 1 1 2 1 0 NT Pasteurella (3) P. canis (milk 1) 1 NT NT 1 0 0 0 0 P. multocida (ref 2, P52, Soron) 2 2 1 2 2 2 0 1 Pediococcus (1) Pediococcus spp. (milk 1) 1 0 0 0 0 0 NT 0 Proteus (20) P. mirabilis (Axone 7, fish 1) 8 NT 0 4 0 0 0 NT P. myxofaciens (Axone 1) 1 NT 0 1 0 0 0 NT P. penneri (Axone 5, fish 2) 7 NT 0 1 0 0 0 NT P. vulgaris (Axone 3, fish 1) 4 NT 0 0 0 0 0 NT Providencia (5) P. rettgeri (Axone 5) 5 0 0 0 0 0 NT Pseudomonas (30) P.
Materials and Methods

Bacterial strains
A total of 464 strains belonging to more than 104 species of 33 genera (Table 1 ) available in the laboratory repository in glycerol stocks were revived as per standard protocol and tested for their identity and purity using morphological, growth and biochemical characteristics [6] and stored on brain heart infusion agar slants for the period of the study [6] . Of the 464 strains tested 254 were from fermented soybean product (Axone) consumed in North East India, 12 were isolated from buffen (buffalo meat), 32 from chevon (goat meat), 49 from buffalo milk, 33 from fish, 8 from muffen (mithun, Bos frontalis, meat), 14 from hand swabs of milk and meat vendors, and 62 reference strains of either American type culture collection (ATCC), Microbial type culture collection centre (MTCC), National Salmonella centre (NSC), Brucella Referral centre, or from Veterinary type culture collection (VTCC) of the Institute (Table 1) .
Herbal antimicrobials
Methanolic extract of Eupatorium odoratum fresh leaves (EOME) collected during February and March, methanolic extract of Ageratum conyzoides fresh leaves (ACME) collected during October and November, methanolic extract of Zanthoxylum rhetsa seed coat (ZRME) purchased from Medziphhema market (Nagaland) in December were prepared in the laboratory as described earlier [7] . Briefly, the N, number of strains tested; NT, not tested; EOME, methanolic extract of Eupatorium odoratum; ACME, methanolic extract of Ageratum conyzoides;
LGO, lemon grass (Cymbopogon citrartus) oil; SWO, sandalwood (Santalum album ) oil; PO, patchouli (Pogostemon cablin) essential oil; ZRME, methanolic 
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herbs were cleaned to remove any dirt and dried in shade for 5-7 days and pounding to powder. A 250 g of powder was mixed with 500 ml of methanol (99.9%, Merck India Ltd.) in a 2 L conical flask and allowed to stand overnight on a rotary shaker (50 rpm) at 25 °C. Next morning, the flask contents were filtered through glass wool and filtrate was allowed to dry in crystallization bowls at 45 °C for 4-6 h or till the entire methanol got evaporated. The dry contents were weighed and again dissolved in methanol to contain 50 mg in one mL of solution (EOME). 20 µL of solution containing 1 mg of dry weight of methanolic extract was poured on to individual 6 mm sterile discs and discs were dried in air and stored at 4 °C [8] .
Lemon grass (Cymbopogon citratus) oil (LGO), sandalwood (Santalum album) oil (SWO), patchouli (Pogostemon cablin) oil (PO) and agarwood (Aquilaria crassna) oil (AO) were purchased from Nagaland Fragrance Ltd., Dimapur and discs were prepared as described earlier to contain 1 mg of oil per disc [8] . All discs were stored at 4-8 °C throughout the period of study.
The amount of herbal antimicrobial in each disc (1 mg) was decided on the basis of previous reports indicating that most of the antimicrobial phytochemicals have MIC in range of 0.05-0.1% i.e., 0.5 to 1 mg mL -1 [2, 3] .
Antimicrobial sensitivity assay
Antimicrobial sensitivity of all bacterial strains for different herbal drugs and ampicillin was determined as described earlier using disc diffusion and agar well diffusion (for minimum inhibitory concentration, MIC) methods [8] . Before testing, strains were grown overnight in Mueller Hinton broth, MHB (BBL, Diffco), for non-fastidious organism and MHB with 5% lysed sheep blood (LSB) for fastidious (Bordetella, Brucella, Campylobacter, Listeria, Pasteurella, Streptococcus) bacteria. The growth was adjusted with sterile phosphate buffer saline (PBS) to optical density (590 nm) of 0.1 before inoculating Mueller Hinton agar (MHA) or MHA-LSB plates through swabbing. Appropriate antibiotic discs were applied at 15-20 mm distance and ampicillin (10 mg) discs (BBL, Diffco) were used as positive antibiotic control for disc diffusion method. For determining MIC, 140 mm plates containing 16 wells already sealed with 1% sterile agarose were swab inoculated. The central well received 50 µL of sterile dimethyl sulphoxide (DMSO) and 1 to 15 number wells had suitably diluted herbal preparation in 50 µL DMSO to dispense 1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048, 4096, 8192 and 16384 µg of the test extract or oil. For MIC plates were not inverted for first 4 hours of incubation. Plates were incubated aerobically for all but Brucella and Campylobacter strains which were incubated under 5% CO 2 pressure at 37 °C for 24 h. After incubation diameter of zone of inhibition around discs was measured in mm. Any zone of growth inhibition around herbal discs was indicative of sensitivity of bacteria to the material in the disc while the well containing the least amount of extract or oil with visible zone of growth inhibition was taken as MIC of the drug. All the experiments were repeated to conformity. Interpretations for ampicillin sensitivity were made in accordance of CLSI guidelines [9] . NT, not tested; EOME, methanolic extract of Eupatorium odoratum; ACME, methanolic extract of Ageratum conyzoides; LGO, lemon grass (Cymbopogon citrartus) oil; SWO, sandalwood (Santalum album) oil; PO, patchouli (Pogostemon cablin) essential oil; ZRME, methanolic extract of seed carps of Zanthoxylus rhetsa, AO, agarwood (Aquilaria crassna) oil.
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Statistical analysis
Correlation coefficient was calculated (MS Office Excel-7) to find out correlation between sensitivity (zone of inhibition in mm) of test strains to different herbal antimicrobials and ampicillin discs. To estimate association between proportions of sensitive and resistant strains of microbes of different species, different genera and of different sources to herbal antimicrobials χ 2 test was performed (MS Office Excel-2007). The statistical comparison was done for only those genera or sources where number (n) of strains tested was ≥ 10.
Results
On testing of 388 bacteria isolated from foods, 14 from food handlers and 62 reference strains belonging to more than 104 species of 33 genera ( Tables 1 and 2 ) of Gram negative (194) bacteria (GNB) and Gram positive (270) bacteria (GPB) for their sensitivity to methanolic extract of Eupatorium odoratum (EOME), methanolic extract of Ageratum conyzoides (ACME), methanolic extract of Zanthoxylum rhetsa seed coat (ZRME), lemon grass (Cymbopogon citratus) oil (LGO), sandalwood (Santalum album) oil (SWO), patchouli (Pogostemon cablin) oil (PO) and agarwood (Aquilaria crassna) oil (AO) wide variation in antimicrobial activity of different herbs was evident. On the basis of oxidase reaction, test strains could be grouped in to four classes (Table 3) including oxidase +ve GNB (59), oxidase -ve GNB (135), oxidase +ve GPB (96), and oxidase -ve GPB (174).
The study revealed ( Table 1) that sandalwood oil inhibited maximum number of strains (50.5%) followed by LGO (45.9%), EOME (43.8%), ACME (40.4%), PO (38%), ZEME (19.6%) and AO (17.5%). However, 54.6% bacteria were detected sensitive to ampicillin discs. In general, more of the ampicillin sensitive strains were also more often sensitive to EOME (p, 0.05), ACME (p, 0.04), AO and SWO (p, 0.03) than ampicillin resistant strains. However, difference was insignificant among the two groups for their sensitivity to LGO (p, 0.1), PO (p, 0.16) and ZRME (p, 0.64).
Although none of the herbal preparation tested had antimicrobial activity parallel to ampicillin, zone of inhibition induced by herbal antimicrobial discs was positively correlated with zone of inhibition induced by ampicillin discs. The correlation in growth inhibition with ampicillin could be defined as strong, positive and highly significant (p, 0.01) for SWO, EOME and AME, moderately significant (p, 0.05) for AO and LGO, and insignificant for PO and ZEME. Sandalwood oil (SWO) being the most effective antimicrobial photochemical ( Table 1) inhibited growth of the maximum number of strains (50.5%) followed by LGO (45.9%), EOME (43.8%), ACME (40.4%), PO (38%), ZEME (19.6%) and AO (17.5%).
Bigger proportion of bacteria of foods of vegetable food (Axone) origin (Table 2 ) was sensitive to EOME (p, 0.009) and PO (p, 0.0002) than bacteria from foods of animal origin or from food handlers. Bacteria on hands of food handlers were more often sensitive to LGO than those from muffen (p, 0.03); to SWO than those from reference, milk, fish and muffen (p, 0.01); but less sensitive to PO than the strains from buffen (p, 0.05), chevon (p, 0.01) and Axone (p, 0.01). Though agar wood oil was the least effective antimicrobial in the study, its activity was significantly more evident on isolates of muffen origin than strains of buffen ((p, 0.03) and chevon (p, 0.04) origin. However, more of the Staphylococcus strains of buffen (p, ≤ 0.02) and chevon (p, ≤ 0.03) origin was sensitive to SWO Table 3 : Gram staining and oxidase reaction in relation to sensitivity of bacteria of food origin to different herbal antimicrobials tested using disc (containing 1 mg of active ingredient/disc) diffusion assay on Mueller Hinton agar (MHA) for non-fastidious bacteria, MHA with lysed sheep blood (5%) for fastidious bacteria (Bordetella, Brucella, Campylobacter, Listeria, Pasteurella, Streptococcus).
Oxidase production and Gram reaction EOME ACME LGO SWO PO ZRME AO 
Oxidase +ve G +ve (96)
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than strains isolated from Axone and milk. Chevon origin Staphylococcus strains were also more often sensitive to PO than those isolates from milk (p, 0.05) and from food handlers (p, 0.01). For sensitivity of bacteria to other herbal antimicrobials, source of microbe was a significant determinant ( Table 2) .
Instead of source, genus of bacteria was more associated with sensitivity of bacteria to herbal antimicrobials (Tables 1  and 2 ). More of the Bacillus spp. strains were sensitive to all of the herbal preparations than strains of other bacteria (p, < 0.01). Aeromonas spp. strains were more often sensitive to LGO (p, < 0.001) while Pseudomonas spp. strains to ACME (p, < 0.01) than strains of other bacteria. Enterobacteriaceae strains in general showed more resistance to herbal antimicrobials than strains of any other families including Bacillaceae, Micrococaceae, Vibrionaceae and Pseudomonadaceae. More of the Pseudomonas spp. strains were sensitive to all (except EOME) herbal preparations tested than E. coli, Klebsiella, Proteus and Salmonella genus strains (p, ≤ 0.05).
In general, more of the oxidase +ve strains were sensitive to herbal preparations tested than oxidase -ve strains (p, < 0.01). Similarly, more of the G +ve strains were sensitive to herbal preparations than G -ve strains (p, < 0.02), except insignificant difference in sensitivity of the two type of the strains to ZRME (p, 0.12). Among all four groups of bacteria on the basis of Gram's staining and oxidase production, O +ve G +ve bacteria were the most sensitive group (p, < 0.05) for all the preparations tested in the study barring a few exceptions (Table 3) . Exception included almost equal sensitivity of O +ve G +ve and O +ve G -ve strains to ZRME and ACME (p, > 0.44). Strains showing O +ve G -ve reaction were often more sensitive than O -ve G -ve strains (p, < 0.01) for all the preparations but almost equally sensitive to EOME and AO. Similarly, more of O -ve G +ve strains were sensitive to herbal antimicrobial preparations tested than O -ve G -ve strains (p <, 0.01) but equally sensitive to AO and ZRME.
The MIC for different herbal preparations varied for different strains (Table 4) . For PO and SWO, it ranged from 1 µg mL -1 to > 16.384 mg mL -1 , for LGO it ranged from 4 µg mL -1 to > 16.384 mg mL -1 , for AO and ZRME it ranged from 8 µg mL -1 to > 16.384 mg mL -1 , while for EOME and ACME it ranged from 16 µg mL -1 to > 16.384 mg mL -1 . In terms of MIC, Salmonella strains were the most resistant strains (MIC never less than 640 µg mL -1 ) closely followed by Citrobacter, E. coli, and Klebsiella strains (MIC was always ≥ 340 µg mL -1 ). Bacillus and Aeromonas spp. strains were the most sensitive ones, never had MIC ≤ 4.096 mg mL -1 for any of the herbal antimicrobial and Streptococcus was next sensitive genus (MIC ≤ 8.192 mg mL -1 ).
Discussion
Foods irrespective of their origin may contain several spoilage and many potentially pathogenic bacteria which limits consumer acceptability and safety for the foods. Moreover, additives in processed foods further add to the risk. Although many of the spices added in foods have antimicrobial activity [4, 5] they may also add to microbial load of the food being loaded with bacteria [10] [11] [12] . In scenario of emergence of multiple drug resistant strains in different spheres including biotic and abiotic environment food are also not aloof of those. . Salmonella strains were the most resistant strains (in terms of MIC) in the study for most the preparations tested closely followed by Citrobacter, E. coli, and Klebsiella strains. Bacillus strains were the most sensitive ones, never had MIC > 4.096 mg mL -1 and Streptococcus was next sensitive genus.
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Studies have shown that being time tested herbal antimicrobials may be effective against bacteria including MDR strains [13] and thus are of potentially utility. Several studies have been conducted on efficacy of different herbs and herbal products on foodborne bacteria [1, 2] but being limited with the number of strains restrict the utility. Moreover, regional variation in microbial quality of foods, the microbiota composition and different herbs and spices used and their antimicrobial quality [14] necessitate elaborate regional studies on efficacy of herbs and herbal antimicrobials on the bacteria occurring in foods.
Sandalwood oil (SWO) was the most effective antimicrobial inhibiting the maximum number of strains (50.5%) followed by LGO (45.9%), EOME (43.8%), ACME (40.4%), PO (38%), ZEME (19.6%) and AO (17.5%). However, none of the herbal preparation tested had antimicrobial activity parallel to ampicillin and observations are in concurrence to earlier observations on efficacy of herbal antimicrobials on microbial strains of different origin in India [7] .
Zone of inhibition induced by SWO, EOME and AME, AO and LGO discs could positively correlate with zone of inhibition induced by ampicillin discs. The correlation indicated that similar mechanism of sensitivity/resistance might be operational in microbes for herbs and antibiotics as proposed earlier [3, 7] . However, more controlled studies are required to confirm the hypothesis.
Observations of more sensitivity of bacteria from Axone to EOME (p, 0.009) and PO (p, 0.0002) than bacteria isolated from foods of animal origin or from food handlers (p, 0.013) are important. However, earlier studies have not made similar comparison; higher sensitivity of Axone origin strains than strains of animal origin has been reported [15] [16] [17] [18] . Therefore, it might be attributed to carryover effect on resistant strains of bacteria from animals to their products and then to the food handlers or transfer of drug resistant bacteria from hands of food handlers to animal products [19, 20] .
Antimicrobial activity of agar oil, the least effective antimicrobial in the study, varied according to source of the bacteria tested. Significantly more of the bacteria of muffen origin than those of buffen (p, 0.03) and chevon (p, 0.04) origin were sensitive to agar oil. The observation cannot be explained on the basis of limited number of observations in the study. However, sensitivity of many of the Bacillus, Staphylococcus and Streptococcus but not of E. coli strains to AO observed in the study is in concurrence to earlier studies revealing the same fact [21] .
The study indicated that instead of source of bacteria their genus was more important determinant of their sensitivity to many of the herbal preparations. More of the Bacillus spp. strains were sensitive to herbal preparations (p, < 0.01) than strains of other bacteria and observations are in concurrence to earlier studies [15-18, 21, 22] . More sensitivity of Aeromonas strains to LGO is also similar as reported earlier [16] . Many (95.6%) more of the Pseudomonas spp. strains were sensitive ACME than strains of other bacteria. Though interesting, it is in contrast to earlier observations reporting Pseudomonas as the most resistant bacteria tested against Ageratum oil [23] . It might be due to several reasons viz., regional effect, bacteria from different regions may differ in their sensitivity pattern [9, 24] , difference in the source of herb etc. More common occurrence of resistance in Enterobacteriaceae strains to herbal antimicrobials preparations tested is in concurrence to earlier observations on herbal antimicrobials [15-18, 21, 22, 25] . Sensitivity of oxidase +ve strains to herbal antimicrobials tested in the study was an important observations as many of the deadly pathogens of animal are oxidase positive including Aeromonas, Bacillus, Brucella, Pasteurella, Pseudomonas, Burkholderia and Campylobacter spp. strains [26, 27] . However, the observation may be skewed due to proportionately high level of sensitivity of Brucella (4), Bacillus (94) and Pseudomonas (30) strains constituting > 82% of the total oxidase positive strains in the study. Similar to oxidase -ve G -ve strains, some of the oxidase positive groups including Aeromonas and Campylobacter spp. strains were rarely sensitive to herbal antimicrobial in the study. Though cannot be deduced from the study it might be associated with microhabitat of the potential pathogens, the pathogens affecting system other than gastrointestinal tract might be more prone for killing by the herbal preparations.
The MIC for different herbal preparations varied for different strains ( Table 4 ) from 1 µg mL -1 to > 16.384 mg mL -1 . Variation in MIC observed under the study appeared to be similar phenomenon as observed for antibiotics [8, 9] . In the study MIC of herbal antimicrobials was the maximum for Salmonella, Citrobacter, E. coli, and Klebsiella strains, all the members of Enterobacteriaceae. High level of antimicrobial drug resistance in Enterobacteriaceae member has been frequently reported all over the world [9] .
Observations revealed that for herbal antimicrobials (methanolic extract of Eupatorium odoratum Ageratum conyzoides, Zanthoxylum rhetsa, and essential oils of Cymbopogon citrates, Pogostemon cablin, Santalum album wood and Aquilaria crassna wood) in general, Pseudomonas and Bacillus strains were more often sensitive little or not affected by the source of isolation. However, it was evident that more of the strains of Axone (fermented soybean) origin were sensitive to all the herbs tested than the strains isolated from foods of animal origin. To understand the role of oxidase production in sensitivity of bacteria to herbal antimicrobials more organized studies are required considering the zoonotic potential of oxidase positive bacteria including large and comparable number of strains of Aeromonas, Bacillus, Brucella, Pasteurella, Pseudomonas, Burkholderia and Campylobacter species. The study further reveals that herbal antimicrobials, being edible and acceptable since ages, can be an option for use in foods to control spoilage as most of the Pseudomonas and Bacillus strains (common bacteria associated with food spoilage) were inhibited by herbal antimicrobials. However, the choice of herbal antimicrobial may depend on type of microbe causing the problem in the specific food unit or the region.
